2-Chloroethylphosphonic acid (CEPA) affected both the growth of and antibiotic production in Streptomyces aureofaciens, S. gniseus, S. antibioticus, and Penicillium citrinum. Streptomyces strains seemed to be more sensitive to the presence of CEPA in the medium than did the fungus. A decrease in both growth and antibiotic production was observed with a concomitant increase in the concentration of the ethylene-releasing compound in the medium. Higher concentrations of CEPA completely inhibited the growth of the above microorganisms.
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A number of fungi and bacteria are known to produce ethylene during their growth (1) . However, the function of this known plant growth regulator in these microorganisms is not understood. Sharma et al. (6) have shown the involvement of ethylene in the biogenesis of aflatoxin, a toxic secondary metabolite from Aspergillus flavus and A.
parasiticus. Ethylene was evolved by the fungus in the trophophase, the phase of growth, whereas in the idiophase, the phase of secondary metabolite synthesis, ethylene evolution was not detected (6) . The use of 2-chloroethylphosphonic acid (CEPA) as a convenient means of producing ethylene in vitro by a nonenzymatic-base-catalyzed reaction is known (7) . Low concentrations of CEPA stimulated the growth of aflatoxin-producing fungi, and high concentrations inhibited their growth. However, aflatoxin biogenesis was inhibited even at those concentrations which stimulated growth (6) . For understanding the role of ethylene in secondary metabolite synthesis, it is therefore important to study the effect of CEPA on other secondary metaboliteproducing microorganisms known to produce ethylene.
MATERIALS AND METHODS
Microorganisms and media. Cultures of antibioticproducing Streptomyces strains, a citrinin-producing strain of Penicillium citrinum, and assay organisms (Table 1) were procured from the National Chemical Laboratory, Poona, India.
Streptomyces cultures were maintained on malt extractglucose-yeast extract-peptone agar slants containing (per liter) 3.0 g of malt extract, 10.0 g of glucose, 3.0 g of yeast extract, and 5.0 g of peptone (pH 6.4 to 6.9). For antibiotic production, the organism was transferred to a broth containing the same nutrients except that the concentration of glucose was 20.0 g/liter. The P. citrinum culture was maintained on potato glucose agar (Difco Laboratories, Detroit, Mich.) slants. For the production of citrinin, synthetic glucose-salt medium containing (per liter) 10.0 g of glucose, 2.0 g of glycine, 2.0 g of glutamic acid, 6.0 g of (NH4)2SO4, 5.0 g of KH2PO4, 0.5 g of MgSO4 7H20, 10.0 mg of FeSO4 7H20, 5.0 mg of ZnSO4. 7H20, and 1.0 mg of MnSO4. H20 was used (6) . After inoculation, the cultures were incubated for 7 days at ambient temperature (28 to 300C).
* Corresponding author.
Measurement of growth. Dry weight was determined by filtering the contents of the flask through Whatman no. 1 filter paper, drying (85°C for 6 h) and weighing the contents, and taking the average of three replicates.
Assay of antibiotic activity. A 25-ml sample of filtrate from the streptomyces cultures was concentrated by freeze-drying. The freeze-dried filtrate was dissolved in 5 ml of distilled water, filtered through Whatman no. 541 filter paper, and sterilized by passage through a membrane filter (Millipore Corp., Bedford, Mass.). Antibiotic activity was determined by the standard cup assay method (2) . The extent of biogenesis of actinomycin was also measured by reading the A452 of the culture filtrate after diluting it with distilled water (1:5) (4). The extent of biogenesis of citrinin was determined by assaying the potency of citrinin extracted from the cultures. Citrinin was extracted from the cultures by acidification of the filtrate with HCl, extraction with chloroform, and extraction of the chloroform extract with 0.1 M NaHCO3 (3). Citrinin activity was measured by the standard cup assay. Citrinin extracted from cultures was dissolved in 5 ml of chloroform and passed through a Millipore filter. A 0.1-ml sample was used in the standard cup assay.
The antibiotic activity of citrinin was also determined by turbidimetry. For this purpose, 250-ml Erlenmeyer flasks with side arms were used. Flasks containing sterilized nutrient broth were seeded with Staphylococcus aureus. Samples (0.5 ml) of chloroform-dissolved citrinin were then added to different flasks, which were incubated at an ambient temperature (28 to 30°C) on a rotary shaker (150 rpm). Turbidimetry was carried out after various intervals of incubation in a Klett-Summerson colorimeter (blue filter) by inserting the side arm of the Erlenmeyer flask.
CEPA (Ethrel) was procured from Amchem Products Inc., Ambler, Pa. A 10 mM solution was prepared and sterilized by passage through a Millipore filter. antibioticus (A), S. griseus (0), and P. citrinum (O).
RESULTS AND DISCUSSION Figure 1 shows the effect of CEPA on the growth of various streptomyces strains and P. citrinum. A concentration of 2.5 mM inhibited the growth of S. aureofaciens and S. griseus. The growth of S. antibioticus was inhibited at a higher concentration (4 mM). The mold P. citrinum required the highest concentration (5 mM) for the inhibition of growth. The growth of S. aureofaciens and P. citrinum was stimulated by low concentrations of CEPA (0.25 and 1 to 3 mM, respectively). However, the stimulation of growth of S. antibioticus and S. griseus was not observed. The stimulation of growth of aflatoxin-producing fungi at low concentrations of CEPA and the inhibition of such growth at higher concentrations has previously been observed for A. flavus and A. parasiticus (6) . Figure 2 shows the antibiotic potency as a measure of antibiotic production in streptomyces and penicillium cultures with and without CEPA. The antibiotic potency was reflected by the diameter of the zone of inhibition produced in an antibiotic cup assay. The antibiotic potency of the cultures seemed to progressively decrease with an increase in the concentration of CEPA. Similar results were obtained for the citrinin assay by turbidimetry. The inset in Fig. 2 shows the decrease in the biosynthesis of chromopeptide compounds absorbing at 452 nm. A negligible amount of chromopeptide compounds was produced in S. antibioticus cultures in the presence of 2 mM CEPA.
Citrinin, a toxic antimicrobial compound, and chlorotetracycline are produced by an acetate-malonate-polyketide pathway, as are aflatoxins (5) . The growth of P. citrinum and S. aureofaciens producing these compounds was stimulated by lower concentrations of CEPA. Higher concentrations of CEPA were, however, inhibitory for the growth of all the four tested microorganisms. Streptomyces strains seemed to be more sensitive to the ethylene-releasing compound than did fungi (6) . However, a reduction in the antibiotic yield does not necessarily reflect an inhibition of growth, except probably in the case of S. griseus. This is clear from a comparison of Fig. 1 and 2 . A concentration of 1 to 2 mM CEPA was stimulatory for P. citrinum growth (Fig. 1) observed by a reduction in the zone of inhibition by 5 mm in the antibiotic cup assay (Fig. 2) . A concentration of 0.25 mM CEPA stimulated S. aureofaciens growth (Fig. 1 ), but the antibiotic potency was reduced (Fig. 2) . The extent of S. antibioticus growth inhibition by 1 mM CEPA in cultures was about 25% (Fig. 1) ; however, actinomycin synthesis decreased by more than 75% (Fig. 2, inset) . The ctirrent observations are apparently similar to the ethylene-mediated inhibition of aflatoxin biogenesis observed earlier (6) .
Although the mechanism of its action is not yet clear, ethylene produced by microorganisms seems to have a vital role in the growth and biogenesis of their primary and secondary metabolites.
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